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(57) ABSTRACT 

A pointing device having a puck Sub-assembly and a base 
Sub-assembly is disclosed. The puck Sub-assembly includes a 
moveable puck having a user sensor that detects the interac 
tion of a user and the puck. The puck is confined to move 
within a puck field of motion. The puck sub-assembly 
includes a Support member having an opening therein that 
determines a boundary for the puck field of motion. The base 
sub-assembly includes a base surface over which the puck 
moves, a position detector that measures the position of the 
puck in the puck field of motion, and an attachment mecha 
nism. The attachment mechanism connects the base Sub 
assembly to the puck Sub-assembly such that the puck Sub 
assembly is easily removed. The base surface is accessible 
when the puck sub-assembly is separated from the base 
assembly. The puck Sub-assembly can also include a restoring 
mechanism that returns the puck to a predetermined area. 

9 Claims, 6 Drawing Sheets 
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1. 

MODULAR ASSEMBLY FORA 
SELF-INDEXING COMPUTER POINTING 

DEVICE 

FIELD OF THE INVENTION 

The present invention relates to pointing devices for use 
with computers and the like. 

BACKGROUND OF THE INVENTION 

Modem computer operating systems and graphics pro 
grams require a pointing device for controlling the position of 
a cursor on the computer display. For desktop PCs, the most 
successful pointing device is the “mouse'. A mouse is a hand 
held object that is moved over a flat surface near the keyboard 
to control the motion of a cursor on the computer display. The 
direction and distance over which the mouse is moved deter 
mines the direction and distance the cursor moves on the 
display. A conventional mouse provides a rigid object that a 
user can move with great precision. For a desktop computer, 
the mouse provides a satisfactory solution to the pointing 
problem. On the occasion when the workspace is not large 
enough to provide a path over which the mouse can move and 
accommodate the desired cursor movement on the display, 
the user simply picks up the mouse and re-centers the mouse 
in the workspace. 

While the mouse has provided a satisfactory solution to the 
pointing device problem in the desktop PC market, a similarly 
successful device is not available for portable and hand-held 
computers. These computers are often used in environments 
that lack a sufficiently large flat surface near the keyboard 
over which amouse can be moved. Hence, some otherform of 
pointing device is needed when these computers are used in 
such environments. 
A pointing device for use in these environments must solve 

the problem of moving a cursor quickly and accurately. In 
addition, the device must operate in an intuitive fashion that a 
novice user can comprehend without extensive instruction. In 
addition, the pointing device must operate in a limited work 
space and fit within the form factor of the computer or hand 
held device. Finally, the usual constraints of low cost, low 
power consumption and high reliability must also be met. 

Currently, there are two dominant solutions to the pointing 
device problem in the laptop marketplace, the Synaptics 
capacitive TouchPadTM and the IBM TrackPointTM. Other 
companies make versions of these devices with similar func 
tionality. Both of these fall far short of satisfying the above 
requirements. The TrackPointTM is a small button that is typi 
cally placed in the center of the laptop keyboard. The button 
may be moved in a manner analogous to a joy stick” by 
applying a lateral force to the top of the button with a finger. 
Unfortunately, the button can only move a small amount; 
hence, the displacement of the button cannot be mapped 
directly into a displacement in the cursor position on the 
computer display. Instead, the button displacement controls 
the direction and speed with which the cursor moves. The 
accuracy with which a user can position the cursor using this 
type of velocity control is significantly less than that achieved 
with a conventional mouse. This limitation is particularly 
evident in tasks that require small, precise movements such as 
drawing in a computer graphics program. 
The TouchPadTM is a blank rectangular pad, 50-100 mm on 

a side, typically placed in front of the keyboard of most 
laptops. The device senses the position of a finger on the 
surface of the rectangle relative to the edges of the device. 
This sensing is accomplished by measuring the capacitance 
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2 
changes introduced by a user's finger on a series of electrodes 
beneath an insulating, low-friction material. 

Like the TrackPointTM, the TouchPadTM also suffers from 
lack of precision. It is inherently difficult to measure the 
capacitive changes introduced by the user, who is at an 
unknown potential relative to the circuit. Furthermore, the 
contact area of the user's finger is relatively large. Hence, to 
provide an accurate measurement of the finger position, the 
device must determine some parameter such as the center of 
the contact area between the finger and the pad. Unfortu 
nately, the contact area varies in size and shape with the 
pressure applied by the user. Therefore such determinations 
are, at best, of limited precision. In practice, users are unable 
to repeatably execute precise movements. 

There are also difficulties arising from false signals when 
the user inadvertently touches the pad with a finger or a wrist. 
In some devices, the "clicking function of a conventional 
mouse is implemented by tapping on the pad. As a result, such 
inadvertent activation during typing causes the cursor to jump 
to a new location in the middle of the typing operation and the 
text being inserted at the new location. 

Devices based on a "puck” that the user moves with his or 
her finger provide higher levels of precision, since the posi 
tion of the puck within the allowed field of motion can be 
precisely determined. In addition, the puck can move a much 
larger distance than the joystick utilized in the TrackPoint"M 
system discussed above. 
While puck-based pointing devices provide greater input 

precision, cleaning and replacing the puck presents unique 
problems. The puck must slide over the surface in the puck 
field of motion smoothly with a low-friction “feel” without 
allowing dirt to enter the mechanism. In addition, the puck 
mechanism is more difficult to clean if dirt enters the mecha 
nism. Finally, the puck components are more easily damaged, 
and hence, a method for inexpensively replacing the key 
components is needed. 

SUMMARY OF THE INVENTION 

The present invention includes a pointing device having a 
puck sub-assembly and a base sub-assembly. The puck Sub 
assembly includes a moveable puck confined to move within 
a puck field of motion. The puck sub-assembly includes a 
support member having an opening therein that determines a 
boundary for the puckfield of motion. The base sub-assembly 
includes a base surface over which the puck moves, a position 
detector that measures the position of the puck in the puck 
field of motion, and an attachment mechanism. The attach 
ment mechanism connects the base sub-assembly to the puck 
sub-assembly such that the puck sub-assembly is reversibly 
separable from the base assembly. The base surface is acces 
sible when the puck sub-assembly is separated from the base 
assembly. In one embodiment, the puck sub-assembly further 
includes a restoring mechanism that returns the puck to a 
predetermined area in the puck field of motion. In another 
embodiment, the support member also includes a first contact 
that mates with a corresponding second contact in the base 
sub-assembly for making an electrical connection between 
the puck and the base sub-assembly. The puck is preferably 
electrically connected to the first contact through a spring that 
returns the puck to a predetermined area in the puck field of 
motion. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1A illustrates a top view of a puck-based pointing 
device. 
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FIG. 1B is a cross-sectional view of the pointing device 
shown in FIG. 1A through line 1B-1B. 

FIG. 2 is a cross-sectional view of a pointing device 
according to one embodiment of the present invention. 

FIG.3 is a top view of a portion of surface 12 shown in FIG. 
1 over which the puck moves in one embodiment of the 
present invention. 

FIG. 4 is a schematic drawing of an equivalent circuit for 
electrodes 151-155. 

FIG. 5 illustrates a sensing mechanism using optical sen 
sors to determine the position of the puck in the puck field of 
motion. 

FIG. 6 illustrates a top view of another embodiment of a 
pointing device according to the present invention. 

FIG. 7 is a cross-sectional view of the pointing device 
shown in FIG. 6 through line 7-7. 

FIG. 8 is a top view of a laptop computer having a pointing 
device according to one embodiment of the present invention. 

FIG. 9 is a cross-sectional view of the laptop computer 
shown in FIG. 8 through line 9-9. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS OF THE INVENTION 

The manner in which the present invention provides its 
advantages can be more easily understood with reference to 
FIGS. 1A-1B, which illustrate a puck based pointing device 
10. FIG. 1A is a top view of pointing device 10 and FIG. 1B 
is a cross-sectional view of pointing device 10 through line 
1B-1B shown in FIG. 1A. Pointing device 10 includes a puck 
11 that moves over a surface 12 of a substrate 15 within a puck 
field of motion 19 in response to a lateral force applied to puck 
11. The force is typically applied to puck 11 by a user's finger, 
fingertip, thumb, thumb tip or multiple fingers. Puck 11 
includes a pressure sensing mechanism that measures the 
Vertical pressure applied to puck 11. In addition, pointing 
device 10 includes a sensing mechanism for determining the 
position of puck 11 on surface 12. 
The puck is typically used to control a cursor on a display. 

When the user applies a vertical force to puck 11 that is 
greater than a predetermined threshold, any change in the 
position of puck 11 on surface 12 is reported to the host 
apparatus of which pointing device 10 forms part. This 
change in position is used to move the cursor on the display by 
a magnitude and direction that depends on the magnitude and 
direction of the motion of puck 11 while the vertical force was 
applied to puck 11. That is, if the motion of the puck is 
characterized by a distanced and a direction defined by an 
angle (p on the pointing device, the motion of the cursor is 
characterized by a distance D and a direction defined by angle 
(p on the display. A hardware driver in the host apparatus 
usually sets the relationship between D and d. 
When the user releases puck 11 by removing the user's 

finger 16, puck 11 is returned to its centered position by the 
springs shown at 13 that connect the puck to the side 14 of the 
puck field of motion. Since the user's finger is not applying a 
Vertical force to puck 11 during its return, the change in 
position associated with that return motion is not reported to 
the host apparatus. This provides a convenient "re-centering 
capability, typically achieved on a mouse by lifting and 
replacing the mouse at the center of the field of motion. It is 
particularly necessary for laptop computers, hand-held 
devices and other miniature apparatus in which the field of 
motion is constrained. 

While the pointing device described above provides many 
improvements over the conventional pointing devices cur 
rently included in laptop computers, the pointing device 
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4 
requires periodic cleaning. Dirt and other debris can accumu 
late on the surface of the puck field of motion and interfere 
with the smooth motion of the puck over this surface. In 
addition, the springs that position the puck in the puckfield of 
motion can be damaged. Finally, it would be advantageous to 
provide a design that can be easily customized to include a 
manufacturer's logo or a button arrangement that is more 
ideally suited to a left-handed user. 
The present invention overcomes these problems by utiliz 

ing a two Sub-assembly design to construct the pointing 
device. Refer now to FIG. 2, which is a cross-sectional view 
of a pointing device 30 according to one embodiment of the 
present invention. Pointing device 30 includes a base sub 
assembly 40 and a puck sub-assembly 50. Puck sub-assembly 
50 includes the puck 51, a plate 52 having an opening 54 that 
defines the puck field of motion, and the springs 55 that return 
puck 51 to a predetermined location within the puck field of 
motion when puck 51 is released. 

Base sub-assembly 40 includes a surface 45 on which 
position sensors 41 are used to measure the location of the 
puck within the puck field of motion. A protective layer (not 
shown) that electrically insulates the sensors from the puck 
preferably covers these sensors. Base sub-assembly 40 may 
also include a controller that receives signals from sensors 41 
and computes the location of puck 51 from those signals. The 
manner in which the position is determined will be discussed 
in more detail below. 

Base sub-assembly 40 also includes a detent 46 for secur 
ing puck sub-assembly 50 in the base sub-assembly. Puck 
sub-assembly 50 preferably snaps into place base sub-assem 
bly 40. Springs such as spring 49 may be used to hold puck 
sub-assembly 50 against detent 46. However, any mechanism 
that allows base sub-assembly 40 to be connected and discon 
nected to puck sub-assembly 50 without the use of special 
ized tools can be utilized. For example, a pointing device 
according to the present invention could utilize a plurality of 
screws to hold puck sub-assembly 50 and base sub-assembly 
40 together. 
As noted above, a pointing device such as pointing device 

30 can collect dirt and other debris that can interfere with the 
Smooth motion of the puck or the puck position sensing 
mechanism. Hence, a pointing device according to the present 
invention preferably allows a user thereof to disassemble the 
pointing device and clean the puck and underlying Surfaces. 
In addition, a design that allows the user to easily replace the 
puck mechanism is preferred, since the springs and/or the 
puck components may become non-functional due to wear or 
misuse. Finally, manufacturers of specific computers or other 
host apparatus may wish to include a logo or other customized 
marking on the puck and Surrounding plate. Accordingly, a 
design that allows the pointing device to be manufactured 
with any one of a plurality of specialized puck Sub-assemblies 
is advantageous. 

In addition, base sub-assembly 40 includes a plurality of 
connectors 47 that mate with corresponding connectors 58 on 
puck sub-assembly 40 for transferring signals from puck 51 
to controller 42. The signals from puck 51 are preferably 
coupled to connectors 58 via one or more of springs 55. The 
springs in question are either made from an electrical con 
ductor or have an electrical conductor embedded within or 
coated thereon. 
The position of the puck in the puck field of motion can be 

sensed by any of a number of methods. In general, each 
method utilizes one or more components that reside in the 
base Sub-assembly. One Such position sensing mechanism is 
illustrated in FIG. 3. FIG. 3 is a top view of a portion of 
surface 12 shown in FIG. 1 over which the puck moves in one 
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embodiment of the present invention. Surface 150 includes 
four electrodes shown at 151-154 having terminals that are 
connected to an external circuit. To simplify the drawing, 
these terminals have been omitted. The puck has a bottom 
surface that includes an electrode 155 that is shown in phan 
tom in the drawing. Electrodes 151-155 are electrically iso 
lated from one another. For example, electrode 155 can be 
covered with a layer of dielectric that provides the required 
insulation while still allowing electrode 155 to slide over the 
other electrodes. The electrodes can in fact be patterned on the 
back of the substrate whose surface is shown at 150. This 
reduces the capacitance to the puck electrode, but can be 
practical for substrate thicknesses of a few millimeters or less. 
The overlap between electrode 155 and each of electrodes 
151-154 depends on the position of the puck relative to elec 
trodes 151-154. Denote the overlaps between electrode 155 
and electrodes 151-154 by A-D, respectively. 

Refer now to FIG. 4, which is a schematic drawing of an 
equivalent circuit for electrodes 151-155. The portion of elec 
trode 155 that overlaps electrode 151 forms a parallel plate 
capacitor having a capacitance that is proportional to overlap 
A. Similarly, the portion of electrode 155 that overlaps elec 
trode 152 forms a parallel plate capacitor that has a capaci 
tance that is proportional to overlap B, and so on. Since all of 
the capacitors share portions of electrode 155, the equivalent 
circuit consists of four capacitors connected to a common 
electrode shown at 158. This electrode is just electrode 155. 
Hence, by measuring the capacitance between electrode 155 
and each of electrodes 151-154, the position of electrode 155 
relative to electrodes 151-154 can be determined. This deter 
mination can be made by a controller 159, which may be part 
of the pointing device or part of the host apparatus to which 
the pointing device is connected. 

In embodiments in which the puck field of motion is sub 
stantially greater than the diameter of the puck, more than 4 
electrodes can be placed on the Substrate. Capacitance mea 
Surements between each of these electrodes and the puck can 
be used to determine the puck position as described above. 

The position of the puck in the puckfield of motion can also 
be ascertained using optical sensors such as those used in a 
conventional optical mouse. Refer now to FIG. 5, which 
illustrates Such a sensing mechanism. In this embodiment, the 
bottom surface 84 of puck 82 is illuminated by an optical 
mouse sensor 83 located just below the surface 81 of the puck 
field of motion. Optical mouse sensors are known in the art, 
and hence, will not be discussed in detail here. For the pur 
poses of the present discussion, it is sufficient to note that 
optical mouse sensor 83 has an illumination system that illu 
minates the bottom Surface of puck 82 and an imaging sensor 
that forms an image of a portion of the illuminated Surface. 
The imaging system compares successive images of the bot 
tom Surface to determine the magnitude and direction of the 
puck motion between the images. 
The preceding examples of Suitable position sensing 

mechanisms are provided as examples. However, it will be 
apparent from the preceding discussion that there are a large 
number of position-measuring mechanisms that can be uti 
lized without departing from the teachings of the present 
invention. 
The above-described embodiments of the present inven 

tion have utilized a particular attachment mechanism for con 
necting the puck Sub-assembly to the base Sub-assembly. 
However, numerous other attachment mechanisms can be 
utilized without departing from the present invention. Refer 
now to FIGS. 6 and 7, which illustrate another embodiment of 
a pointing device according to the present invention. FIG. 6 is 
a top view of pointing device 200, and FIG. 7 is a cross 
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6 
sectional view of pointing device 200 through line 7-7 in FIG. 
6. Pointing device 200 is constructed from a puck sub-assem 
bly 210 and a base sub-assembly 220. Base sub-assembly 220 
includes two slots 221 that are sized to allow the correspond 
ing tabs shown at 212 to pass through the slots. Puck Sub 
assembly 210 is attached to base sub-assembly 220 by align 
ing the tabs with the slots. Once the tabs pass under the top 
Surface of the base-assembly, the puck Sub-assembly is 
rotated until the tabs engage corresponding receptacles 226. 
The electrical connections between puck sub-assembly 

210 and base sub-assembly 220 are made via contacts on the 
tabs that engage corresponding contacts in the slots. An exem 
plary pair of contacts is shown at 215 and 225. These contacts 
allow connections to the electrodes in puck 223 to be made to 
the controller 235in base sub-assembly 220. Controller 235 is 
also connected to the position sensing electrodes shown at 
222. 
The attachment mechanism shown in FIGS. 6 and 7 does 

not require any tools. The user can remove the puck Sub 
assembly merely by twisting the puck Sub-assembly until the 
tabs are aligned with the slots. Suitable indentations or pro 
trusions can be provided on the Surface of puck Sub-assembly 
210 to aid the user in manipulating the puck Sub-assembly. 
Hence, a user can easily remove the puck assembly for clean 
ing and/or replacement. Once the puck Sub-assembly is 
removed, the base Sub-assembly and any electrodes on the 
bottom of the puck itself can be cleaned. 
The present invention is particularly well suited for imple 

mentation on a laptop computer or other host apparatus hav 
ing limited space for a pointing device. Refer now to FIGS. 8 
and 9, which illustrate a laptop computer having a pointing 
device according to one embodiment of the present invention. 
FIG. 8 is a top view of laptop computer 300, and FIG. 9 is a 
cross-sectional view through line 9-9 in FIG. 8. To simplify 
the drawing, the display has been omitted from the drawings. 
Pointing device 310 is preferably located adjacent to the 
keyboard 320 of laptop 300. Base sub-assembly 330 is affixed 
to the laptop and may be mounted in a well on the Surface 
adjacent to the keyboard to provide a thinner overall laptop 
form factor. Alternatively, base sub-assembly 330 can be 
molded into the Surface of the laptop computer. In one 
embodiment, the base sub-assembly is attached to this surface 
in a manner that prevents the user from removing the base 
Sub-assembly. Connections between the pointing device and 
the laptop are provided under the base sub-assembly in this 
embodiment. Exemplary connectors for providing these con 
nections are shown at 360 and 361. This arrangement allows 
the base sub-assembly to be sealed to the laptop computer in 
a manner that prevents liquid or debris from entering the 
laptop computer through the pointing device. 
The puck sub-assembly attaches to the base sub-assembly 

in a manner analogous to that described above. The attach 
ment mechanism allows the puck Sub-assembly to be easily 
removed by the user for cleaning and/or replacement. The 
puck Sub-assembly includes the puck 341, the springs 342, 
and a top plate 343. Top plate 343 has a hole that defines the 
puck field of motion and the attachment mechanism for con 
necting the puck Sub-assembly to the base Sub-assembly. 
The above-described embodiments of the present inven 

tion have been described in terms of a pointing device for use 
with a laptop computer. However, it will be apparent from the 
preceding discussion that the present invention may be uti 
lized in a number of different data input environments. For 
example, a pointing device according to the present invention 
can be a stand-alone pointing device that replaces a conven 
tional mouse. Similarly, the pointing device of the present 
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invention can be used as a pointing device on a PDA or 
cellular telephone for making selections from menus on these 
devices. 

Various modifications to the present invention will become 
apparent to those skilled in the art from the foregoing descrip 
tion and accompanying drawings. Accordingly, the present 
invention is to be limited solely by the scope of the following 
claims. 

What is claimed is: 
1. A pointing device comprising: 
a puck Sub-assembly comprising: 

a moveable puck confined to move within a puck field of 
motion; 

a Support member having an opening therein that deter 
mines a boundary for said puck field of motion; and 

a first electrical contact; 
a base Sub-assembly comprising: 

a base Surface over which said puck moves; 
a position detector that measures the position of said 

puck in said puck field of motion; and 
a second electrical contact that mates with said first 

contact for making an electrical connection between 
said puck Sub-assembly and said base Sub-assembly; 
and 

an attachment mechanism for connecting said base Sub 
assembly to said puck Sub-assembly Such that said puck 
sub-assembly is reversibly separable from said base 
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assembly, and said base surface is accessible when said 
puck Sub-assembly is separated from said base assem 
bly. 

2. The pointing device of claim 1 wherein said moveable 
puck includes a user sensor that detects the interaction of a 
user and said puck. 

3. The pointing device of claim 1 wherein said base sub 
assembly is separable from said puck Sub-assembly without 
the use of tools. 

4. The pointing device of claim 1 wherein said puck Sub 
assembly further comprises a restoring mechanism that 
returns said puck to a predetermined area in said puckfield of 
motion. 

5. The pointing device of claim 4 wherein said restoring 
mechanism comprises a spring connected to said puck. 

6. The pointing device of claim 1 wherein said puck is 
electrically connected to said first contact through a spring 
that returns said puck to a predetermined area in said puck 
field of motion. 

7. The pointing device of claim 1 wherein said position 
sensor comprises a plurality of Surface electrodes on said 
Surface and a puck electrode that moves with said puck. 

8. The pointing device of claim 1 wherein said base sub 
assembly is attached to a portable host apparatus. 

9. The pointing device of claim 1 wherein said base sub 
assembly is integral with a portable host apparatus. 
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